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ABSTRACT 



A semiconductor laser driver is designed to detect a 
semiconductor laser output and control a drive voltage 
or current of a semiconductor laser so as to set a de- 
tected laser output to be a predetermined constant laser 
output. The laser driver includes an integrator for inte- 
grating the detected laser output, thereby utilizing an 
integrated signal as a semiconductor laser drive signal. 
The integrator integrates the difference between a volt- 
age corresponding to the detected laser output and a 
reference voltage conesponding to the predetermined 
constant laser output. 

6 Qaims, 1 Drawing Sheet 




03/19/2004, EAST version: 1.4.1 



lis. Patent sep. 13, i988 4577I543I 




FIG. 3 

ANALOG SWITCH 44 

ANALOG SWITCH 26 
TRANSISTOR 58 



ON 
OFF- 

ON 
OFF- 

ON 
OFF- 



LASER DRIVING VOLTAGE' 



VOLTAGE CONSTANT 



03/19/2004, EAST Version: 1.4.1 



4,771,431 

1 2 

driver wherein at least two reference voltages for set- 
SEMICONDUCTOR LASER DRIVE ting a semiconductor laser output are used. 

BACKGROUND OF TPIE INVENTION BRIEF DESCRIPTION OF THE DRAWINGS 

1. Field of the Invention ^ above and other objects, features, and advan- 
The present invention relates to a driver for driving a semiconductor laser driver will be readily 

semiconductor laser such as a laser diode understood from the following description with refer- 

2. Description of the Prior Art ' accompanying drawings, in which: 

Laser output vs. drive current characteristics of semi- , ^'5: \ ^ '^'^''"'^ diagr^ of a driver for driving a 

conductor lasers greatly vary according to their operat- - "^'^"^^ 'VI'' ^^^^ f ^^^'^ ^^^ord- 

ing temperatures. More specifically, in order to obtain *"g_J^^/.^^odi°^ent of the present mvention; 

an identical laser output, a larger current is required JJ^id ""'T' "^l^T ^""'^ 
a high temperature M accordmg to another embodiment of the present inven- 

T ^-11 . tion; and 

In a conventionallaser pnnter usmg a semiconductor i< fto ic o ^i,.,^ ^ i • • 

l^rasalasersource,ifala.eroutpufis„otc^^^^^^ 
the wnte mode, the unage quality is degraded, thus 

posing problems in quality of recorded images. DETAILED DESCRIPTION OF THE 

For this reason, a conventional semiconductor laser PREFERRED EMBODIMENTS 

driver is proposed wherem a laser output can be kept 20 Preferred embodiments of the present invention wUl 
constant regardless of operatmg temperatures. This be described in detail hereinafter. FIG. 1 is a circuit 
dnver is called an APC (Automatic Power Control) diagram of a driver for driving a laser diode as one type 
circuit. of semiconductor lasers for laser printers according to 

An example of the conventional semiconductor laser an embodiment of the present invention, 
driver is constituted by a combination ofan APC circuit 25 Referring to FIG. 1, reference numeral 1 denotes a 
for driving a semiconductor laser at a constant voltage laser output detector for detecting an output from a 
and a semiconductor laser modulator. laser diode. In the laser output detector 1, a common 

In order to achieve temperature compensation in the node between a photodiode 11 and a load resistor 12 is 
constant voltage drive type APC circuit, a drive volt- connected to the noninverting input terminal of an op- 
age for the semiconductor laser must vary according to ^0 erational amplifier 13. A voltage obtained by dividing 
an ambient temperature to keep the laser output con- an output voltage from the operational amplifier 13 by 
stant. For this purpose, for example, an ambient temper- resistors 14 and 15 is fed back to the inverting input 
ature is detected and converted into an electrical signal terminal thereof. In the laser output detector 1, when a 
and the drive voltage is then controlled in response to ^^^^ output received by the photodiode 11 is increased, 
the cnverted electrical signal. 35 a voltage input to the noninverting input terminal of the 

According to this technique, the temperature charac- operational amplifier 13 is increased accordingly, 
teristics of the semiconductor laser must be checked in t^iereby outputting a higher voltage, 
advance, and the corresponding control voltage must Reference numeral 2 denotes a reference voltage 
be generated. However, the characteristics of the indi- generator which includes a series circuit of a fixed resis- 
vidual semiconductor lasers vary and also change over ^ ^'^ and a variable resistor 22. A voltage across the 
time. Therefore, it is difficult to perform accurate tem- variable resistor 22 is kept constant by a Zener diode 23. 
perature compensation. There are two types of reference voltages, i.e., a voltage 

Vfl at the Zener diode 23, and a voltage Vf2 from the 
SUMMARY OF THE INVENTION variable resistor 22. 

It is a first object of the present invention to keep a Reference numeral 3 denotes a differential amplifier 
semiconductor laser output constant regardless of semi- composes an operational amplifier 31 and resis- 

conductor laser characteristic variations caused by ^^^^ determining a feedback level of the 

changes in ambient temperature and deteriorations over operational amplifier 31. The differential amplifier 3 
time without measuring the temperature characteristics f .^^^ f*"*P",^ ^^^"^ ^aser output de- 

or the like of the semiconductor laser V ""^^^^^^ ^^^"^ vBinablG resistor 22 in 

In order to achieve the first object of the present f ^^^^^^^ence vol^^^ 
invention, there is provided a semiconducto? lase ^^^^^^^ge. More specifically, the compari^^^ 

driver for detecting a semiconductor laser output and Lf'uf7f output voltage from the laser 

controlling a drive voltage or current of a semiconduc 55 Sle 

tor laser so as to set a detected laser output to be a r/^a^^ ln ^ ^ 1 " ^^^^^^f^^^'^';^ ^^l^^g^ generator 2 
predetermined constant laser output, comprising an ''^^""''^^^ the voltage Vf2 .s changed to adjust the 

i:r",r '""'"^ "J sirr;^s,'i"u?.ss' 

iorTiVdS^^^^ " ' ^^^^^^-^ — ' - -tegrator as the 

It k a .A,~r.„H ^Ki^^. „f .1. . • • ^ characteristic feature of the present invention. The inte- 

It IS a second objec of the present mvention to pro- grator 4 comprises an operational amplifier 41, a capaci- 

tofwithTs?r„"nrr,H r T'"'"'"" « "^^-'^^ ontpit te^inV^dThe 

tor with a sample/hold function, wherem an overvolt- inverting input terminal of the operational amplifier 41 

,WH '."P""'" semiconductor and a resistor 43 connected to the inverting input term^ 

he^;^^n preventing damage and degradation of 65 nal of the operational amplifier 41. An output voltage 

thesenuconductorlaser from the differential amplifier 3 is input to ?he resistor 

invL?^n ^ the second object of the present 43, and the reference voltage Vfl is applied to the non- 

invention, there is provided a semiconductor laser inverting input terminal of the operational amplifer 41 
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The integrator 4 integrates a difference between the 
reference voltage Vfl and the output voltage from the 
differential amplifier as a function of time. If these volt- 
ages coincide with each other, the integrator 4 stops the 
integration and an output voltage from the integrator 4 5 
becomes fixed. In other words, the integrator 4 inte- 
grates the detected laser output signal and outputs an 
integrated signal as a laser diode drive control signal. 

Reference numeral 5 denotes an output circuit which 
includes an operational amplifier 51, an output transis- 10 
tor S3, a laser diode 54, resistors 55 and 56, a load resis- 
tor 57, and a modulating transistor 58. The noninverting 
input terminal of the operational amplifier 51 receives 
the reference voltage Vfl and the inverting input termi- 
nal thereof receives the output voltage from the Integra- 15 
tor 4. The output transistor 53 is controlled in response . 
to the output voltage from the operational amplifier 51 
through a resistor 52. The laser diode 54 is powered by 
the transistor 53. The resistors 55 and 56 feed back a 
signal representing the power level of the laser diode 54 20 
to the operational amplifier 51. The modulating transis- 
tor 58 modulates (ON/OFF) the laser diode 54 by using 
the load resistor 57 for the laser diode 54 and the modu- 
lated output voltage from the modulator 6. 

The laser diode 54 is optically coupled to the photodi- 25 
ode 11 such that part of the laser beam from the diode 
54 is incident on the photodiode 11. A power souce for 
the photodiode 11 is an output voltage from the output 
transistor 53. 

The laser output from the laser diode 54 is detected 30 
by the photodiode 11 and converted into an electrical 
signal. The electrical signal is amplified by the opera- 
tional ampHfier 13. An output from the operational 
amplifier 13 is compared with the reference voltage Vf2 
by the differential amplifier 3 so that a difference there- 35 
between is calculated. A difference voltage is integrated 
by the integrator 4. An integrated signal is supplied to 
the laser diode 54, and thus the laser diode 54 is turned 
on. The laser output is fed back to the laser output 
detector 1. 40 

In the standby mode (write wait mode) of the laser 
printer, the integrating capacitor 42 is precharged at a 
suitable level. An output voltage from the integrating 
capacitor 42 is high enough to turn on the laser diode 
54. Jn this case, the modulating transistor 58 is kept off. 45 

Thereafter, when the transistor 58 and therefore the 
laser diode 54 are turned on, a laser output is detected 
by the photodiode 11. An output voltage at the laser 
output detector 1 is increased, and the output voltage 
from the differential amplifier 3 is decreased. As a re- 50 
suit, an output from the integrator 4 and hence the laser 
output are changed. 

The above operation continues until the output volt- 
age from the differential amplifier 3 coincides with the 
voltage input to the noninverting input terminal of the 55 
operational amplifier 41 in the integrator 4. When a 
coincidence is established, the laser output is controlled 
to be constant 

In this case^ if the temperature characteristics of the 
circuit components excluding the laser diode, 54 are 60 
neglected, the integrator 4 continues its operation until 
the laser output reaches the value predetermined by the 
reference voltage generator 2 regardless of temperature 
changes. Therefore, the laser output can be always kept 
constant without being influenced by temperature 65 
changes. 

In the circuit arrangement of the above embodiment, 
if the integrator 4 is omitted, the laser detection signal 
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from the photodiode 11 is proportional to the voltage 
applied to the output cbcuit 5. In this case, the laser 
output from the laser diode 54 cannot often be con- 
trolled to reach the target value corresponding to the 
reference voltage Vfl. Even if the laser output from the 
laser diode 54 is kept unchanged, a larger current is 
required for a higher temperature of the diode 54. In a 
loop without the integrator 4, fine adjustment cannot be 
performed. This problem can be solved by using the 
integrator 4. This also applies to laser output variations 
over time of the -laser diode 54. 

FIG. 2 shows a laser diode driver according to an- 
other embodiment of the present invention. 

The circuit arrangement of this embodiment is sub- 
stantially the same as that of FIG. 1 except for the fol- 
lowing points. 

•A reference voltage generator 2 includes a resistor 24 
for extracting a voltage from a sliding terminal of a 
variable resistor 22, a resistor 25 cooperating with the 
resistor 24 to divide the extracted voltage, and an ana- 
log switch 26 for turning on/off the resistor 25, in addi- 
tion to a fixed resistor 21, the variable resistor 22, and a 
Zener diode 23. There are two types of reference volt- 
ages, i.e., a voltage Vfl from the Zener diode 23 and a 
voltage Vf2 from the common node between the resis- 
tors 24 and 25. The analog switch 26 is turned on/off in 
response to a timing signal from a timing control circuit 
7. 

The reference voltage Vf2 from the reference voltage 
generator 2 has two levels upon on/off operation of the 
analog switch 26. If the analog switch 26 is turned off, 
the reference voltage Vf2 is set at high level set by the 
sliding terminal of the variable resistor 22, i.e., a write 
voltage potential. However, if the analog switch 26 is 
turned on, the reference voltage Vf2 is set at low level 
obtained by dividing the voltage at the sliding terminal 
by the resistors 24 and 25. The low level voltage is set 
to generate a zero laser output. 

An integrator 4 includes an analog switch 44 for 
turning on/off the input voltage, in addition to an oper- 
ational amplifier 41, a capacitor 42, and a resistor 43. 
The ON/OFF timings of the analog switch 44 are con- 
trolled by the timing control circuit 7. 

In this embodiment, when the analog sv^tch 44 is 
turned off, the operation of the integrator 4 is forcibly 
stopped so that the corresponding voltage across the 
integrator capacitor 42 is kept unchanged. In other 
words, the analog switch 44 controls the sample/hold 
timings. 

If the laser diode 54 is kept off for a long period of 
time, the integrator 4 continues to operate so as to in- 
crease the drive voltage until the drive voltage reaches 
the maximum one. This operation condition is detected 
by a separate detecting means (not shown). If the drive 
voltage is detected as an excessive one, the analog 
switch 26 is temporarily turned on by the timing control 
circuit 7 before the laser diode 54 is turned on so that 
the reference voltage Vf2 goes low. The integrating 
capacitor 42 is discharged (or charged) to temporarily 
set the drive voltage for the laser diode 54 to be zero. 
When the analog switch 26 is turned off again to set the 
reference voltage VfZ at high level, the drive voltage is 
gradually increased. The above operation is repeated 
until the laser diode 54 is turned on. FIG. 3 is a timing 
chart for explaining the operation of the circuit in FIG. 
2. Therefore, the overvoltage or overcurrent is not 
supplied to the laser diode 54. 

What we claim is: 
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1. A semiconductor laser driver comprising: 

a semiconductor laser driven by a drive current and 
providing a light output; 

a detecting circuit for detecting the output of said 
semiconductor laser and providing a voltage signal ^ 
corresponding thereto; 

a reference signal generating circuit for generating a 
reference voltage signal corresponding to a prede- 
termined constant output value which is to be out- lo 
put by said semiconductor laser; 

a comparing circuit receiving said voltage signal 
from said detecting circuit and said reference volt- 
age signal from said reference signal generating 
circuit and providing a comparison voltage output 
based thereon; 

an integrator circuit, including an operational ampli- 
fier receiving said comparison voltage output from 
said comparing circuit as one mput and said refer- 20 
ence voltage signal as another input, for integrating 
the difference between the comparison voltage and 
the reference voltage as a function of time and 
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providing an integrated voltage signal as a laser 
drive control signal; and 
an output circuit, including a transistor receiving said 
laser drive control signal from said integrator cir- 
cuit, for providing the drive current to said semi- 
conductor laser in correspondence with said laser 
drive control signal. 

2. A driver according to claim 1, wherein the refer- 
ence voltage for setting the laser output from said semi- 
conductor laser includes at least two reference voltages. 

3. A driver according to claim 2, wherein said at least 
two reference voltages are selectively switched in re- 
sponse to a control signal from a separate timing circuit. 

4. A driver according to claim 2, further comprising 
a sample/hold function for keeping the drive current 
for said semiconductor laser for a predetermined period 
of time. 

5. A semiconductor laser driver according to claim 1 
wherein said comparing circuit is a differential circuit. 

6. A semiconductor laser driver according to claim 1 
further comprising a timing circuit for switching said 
reference signal. 

« « « « « 
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